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Abstract
In the text S.Piekarski, M.Rewekant, “On applications of conservation laws in
pharmacokinetics”,(arXiv:1208.3847) it has been mentioned that some information on bioavailability
and bioequivalence of drugs can be obtained from simulations based on the conservation laws. Here
we shortly discuss that possibility starting from the fundamental pharmacokinetic parameter called
AUC (Area Under the Curve). The curve is is the profile shape of plasma drug concentration in time
intervals after drug administration into organism. Our aim here is to give some information on the
subject for the reader with no experience in pharmacokinetics.
Introduction
Bioavailability of a drug product is usually defined in terms of rate and extent to which the
active drug ingredient is absorbed and becomes available at the site of drug action. Two drug
formulations are said to be bioequivalent if their bioavailabilities are statistically similar. In
pharmacokinetics, one usually measures the profiles of the total drug concentration in the circulating
blood (that is, in a “central compartment”). “Profile” means here concentration – time curve. The
total drug concentration is a sum of the concentration of a drug bound to blood proteins and the
concentration of a free form of a drug. Several approaches were proposed in the literature to estimate
the bioavailability of a drug from the profile shape. Some of them define functions depending on a
single profile and then different profiles are compared indirectly, after comparing functions of a
single profile. An alternative approach is to define an appropriate distance measure between two
profiles. Such distance measures are called bioequivalence metrics and the corresponding distance
estimates the similarity or dissimilarity of the two profiles. In general, functions of a single profile
are called pharmacokinetic (PK) parameters and the main PK par
ameters are: AUC (area under curve), (maximum drug plasma concentration), (time to the
maximum concentration after drug administration), (partial area under the profile shape from
zero to ). It is worth to mention an option suggested by United States Food and Drug
Administration (FDA). It is formulated in terms of functions of a single profile and suggest the
following criteria for the assessment of bioequivalence between test (T) and reference (R) drug
formulations: test and reference formulations are bioequivalent if boundaries of 90% confidence
intervals for each of / and lie between 0.8 and 1.25. However, it is worth to stress
that the concentration profile is a result of different processes taking place in patient’s organism,
shortly named ADME; Absorption, Distribution, Metabolism and Excretion of a drug. In order to
take into account all these processes explicitly one should write the corresponding evolutionary
system of conservation equations (derived from the balance laws). Then it should be possible to
compute all “pharmacokinetic parameters”  and “distance metrics” from the initial and boundary
conditions (under the assumption, that the explicit form of evolution equation is known). Obviously,
in order to obtain even approximate form of such equations one would need much more experiments
than measuring a total concentration of drug in central compartment. There is an additional reason
for considering evolution equations here: there are different version of pharmacokinetics and there
are inconsistencies between them. After using mathematical simulations derived from conservation
laws, the reasons for those inconsistencies should become more transparent. The above remarks are
very general and in order to give a simple example one can take the following problem. In standard
pharmacokinetics, one usually identifies the quantity of a drug administered into the patient’s
organism with AUC. However, comparison with the simplest models of ADME processes shows that
such identification is not obvious.
In order to check how good (or how bad) is a such approximation one can take the simplest possible
model of a single intravenous administration of a drug since in this case the full information on the
quantity of a drug introduced into the patient’s organism is contained in the initial condition. For a
given initial condition, one can compute AUC and compare AUC with the information contained in
initial condition.
Conclusions
A rigorous discussion should include the discussion of parameters of evolution equations and
its relations with quantities known from standard pharmacokinetics. For such a discussion, one
needs a lot of information on the history of pharmacokinetics and more mathematical models (for
example, that concerning stationary state and volume of distribution).
As it has been already mentioned, Aldo Rescigno raised a lot of criticism against the standard
formulation of pharmacokinetics and also here the natural reaction to that criticism is to comment it
from the point of view of the theory of conservation laws. Finally, it is not excluded that the
definition of “bioavailability” can be defined more precisely (in terms of differencies between
equations modeling both compared drugs). We hope to write about all that later.
References
1. W.Hermann, Farmakokinetyka, Teoria i Praktyka, PZWL, Warszawa 2002
2. S.Piekarski, M.Rewekant, On separation of time scales in pharmacokinetics
(arXiv:1210.3561 [pdf])
3. S.Piekarski, M.Rewekant, On inconsistencies in passive pharmacokinetics,
(arXiv:1109.1755 [pdf])
4. S.Piekarski, M.Rewekant, On the Way to More Convenient Description of Drug – Plasma
Protein Binding, (arXiv:1208.4217 [pdf])
5. S.Piekarski, M.Rewekant, On applications of conservation laws in pharmacokinetics,
(arXiv:1208.3847 [pdf])
6. S.Piekarski, M.Rewekant, On drug transport after intravenous administration,
(arXiv:1108.5746 [pdf])
7. A.Rescigno, Area under the curve and bioavailability, Pharmacological Research, Vol.42,
No. 6, 2000.
8. A.Kallen, Computational Pharmacokinetics, Chapman&Hall/CRC, New York, 2008.
9. P.Macheras, A.Iliadis, Modelling in Biopharmaceutics, Pharmacokinetics, and
Pharmacodynamics, Homogeneous and Heterogeneous Approaches, Springer, 2006.
10. T.Grabowski, Farmakokinetyka I Biofarmacja,  Copyright Tomasz Grabowski, 2000 –
2010.
11. A.Rescigno, Clearance, turnover time, and volume of distribution. Pharmacol Res 1997,
35: 189-93.
12. A.Rescigno, Foundations of pharmacokinetics, Pharm.Res. Vol 42, 6, 2000, 527-538.L.
13. Endrenyi, K.K. Midha, Individual bioequivalence – Has its time come? Eur.J. of Pharma.
Sci., 6, 1998, 271-277.
14. S.M. Ebadi, Desk reference of clinical pharmacology, CRC Press Taylor &Francis Group,
Boca Raton, 2007.
15. A.Rescigno, The Rise and Fall of Compartmental Analysis,PharmacolRes ,Vol.44, No 4,
2001.
16. A.Rescigno,G.Segre, On some topological properties of the systems of Compartments,
Bulletin of Mathematical Biophysics, Volume 26, 1964.
17. A.Rescigno, Pharmacokinetics, science or fiction?Pharmacol Res., Vol.33, No4/5, 1996.
18. A.Rescigno, Compartmental Analysis and its Manifold Applications to Pharmacokinetics,
The AAPS Journal, Vol 12, No 1, March 2010.
19. A.Rescigno, Bioequivalence, Pharmaceutical Research, Vol.9, No.7, 1992.
20. A.Rescigno, Foundations of Pharmacokinetics, Pharmacol Res Vol.42, No 6, 2000. U.S.
Food
21. and Drug Administration. Bioavailability and bioequivalence requirements. Fed. Regist.
42,1638-1653 (1977).
22. C.M.Metzler, Bioavailability – a problem in equivalence. Biometrics 30:309-317 (1974).
23. C.M.Metzler, Equivalence of bioavailability and efficacy in drug testing. In A.Pecile and.
24. Rescigno (eds.), Pharmacokinetics: Mathematical and Statistical Approaches to
Metabolism and Distribution of Chemicals and Drugs. Plenum Press, New York, 1988,
pp.215-225.
25. H.A. Bayout, A.M. Awad, Performance of Several Bioequivalence Metrics for Assesing
the Rate and Extent of Absorption, J.Bioequiv. Availab. Volume 3(7), 174-177, 2011.
26. Bois F, Tozer T, Hauck W, Chen M, Palnaik R, et al. (1993), Bioequivalence:
Performance of Several Measures of Extent of Absorption, Pharm. Research 11: 715-722.
27. Bois F, Tozer T, Hauck W, Chen M, Palnaik R, et al. (1994) Performance of Several
Measures of Rate of Absorption, Pharm. Research 11: 966-974.
28. Endrenyi L. Tothfalusi L (1995) Without extrapolation, /AUC is an effective metric
in investigations of bioequivalence. Pharm. Research 12: 937-942.
29. Chen M.L. (1992) An alternative approach for assessment of rate of absorption in
bioequivalence studies. Pharm. Research 9: 1380-1385.
30. FDA Guidance (1992) Statistical Procedures for Bioequivalence Studies Using a Standard
Two-Treatment Crossover Design Rockville, MD: Division of Bioequivalence. Office of
Generic Drugs, Center for Drug Evaluation and Research, Food and Drug Administration
1992.
31. ChinchilliVM, ElswickRK, (1997) The multivariate assessment of bioequivalence.
Journal of Biopharmaceutical Statistics 7: 113-123.
32. Polli JE, McLean AM (2001) Novel Direct Curve Comparison Metrics for
Bioequivalence. Pharm. Research 18:734-741.
33. Karalis V, Machras P (2003) Pharmacodynamic considerations in bioequivalence
assessment: comparison of novel and existing metrics. Eur. Jour. Of Pharm. Sci 19:45-56.
